Materials and methods

Synthesis of ZIF-8.
A methanol solution (75 mL) of Zn(NO 3 ) 2 •6H 2 O (1.10 g, 3.70 mmol) was added to a methanol solution (75 mL) of H(MeIM) (1.22 g, 14.8 mmol) and triethylamine (3.00 g, 29.7 mmol) at ambient temperature. The mixture was kept at room temperature for a period of 1 h with stirring. The resulting white-colored precipitate was collected using centrifugation, and washed five times using methanol. The ZIF-8 nanoparticles obtained were dried at 423 K overnight under vacuum.
Synthesis of EMI-TFSA@ZIF-8.
The EMI-TFSA used was purchased from the Tokyo Chemical Industry Co. Ltd and used without further purification. The EMI-TFSA was mixed with dried ZIF-8 using a mortar and pestle with molar ratios of 0.14:1, 0.28:1, 0.42:1, 0.57:1, and 0.71:1, at which EMI-TFSA theoretically occupied the volume of the micropores at loadings of 25%, 50%, 75%, 100%, and 125%, respectively (denoted as EZ25, EZ50, EZ75, EZ100, and EZ125, respectively). These occupancies were estimated by using the pore volume of ZIF-8 (0.636 cm 3 g -1 ) S1 and the density of EMI-TFSA (1.520 g cm -3 ) S2 . The mixtures were heated and stored at 423 K overnight to enhance the diffusion of EMI-TFSA into the micropores of the ZIF-8. All preparation processes were carried out in a glove box filled with dried argon gas to prevent water adsorption onto the ZIF-8 and water absorption into the EMI-TFSA.
Structural Characterizations
XRPD measurements were performed using a Bruker D8 ADVANCE diffractometer (λ = 1.54059 Å, CuKα radiation) in air. Maximum entropy method (MEM)/Rietveld analysis was conducted in the following method to obtain electron density distribution inside micropores of ZIF-8. Note that bulk sample of ZIF-8 (denoted as ZIF-8 bulk ; commercially available Basolite® Z1200) was used as the host material only for the MEM/Rietveld analysis to obtain the XRPD patterns with sufficiently high signal/noise ratio. Rietveld refinement was applied for ZIF-8 bulk , EZ25 bulk and EZ100 bulk with RIETAN-FP S3 , using the reported crystal structure data as the initial model of the ZIF-8 framework. S1 Simulated annealing (SA) method was applied for EZ25 bulk and EZ100 bulk using EXPO2013 before Rietveld analysis. Electron density distribution was obtained by MEM with
Physical measurements.
Nitrogen gas adsorption and desorption measurements were carried out at 77 K using an automatic gas adsorption apparatus, BELSORP-max (BEL Japan). In the gas sorption measurements, the samples were sealed in glass tube in a glove box to prevent water adsorption or absorption. DSC measurements were performed using a DSC3100SA (Netzsch Japan). In the DSC measurements, the samples were hermetically sealed in aluminium pans in a glove box. The samples were first heated to 473 K, then allowed to cool to 143 K, and
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then reheated to 473 K. The scan rate was fixed at 5 K min -1 . The ac impedance measurements were carried out using a quasi-four-probe method using a Solartron 1260 Impedance/Gain-Phase Analyzer and a 1296 Dielectric
Interface System in the frequency range 1 Hz-1 MHz. For the impedance measurements, EMI-TFSA@ZIF-8
powder was pressed into a pellet (approx. 0.5 mm thick × 3.0 mm in diameter) with carbon sheet electrodes attached to both faces using hand press instrument. The pressed pellet was sandwiched between stainless steel electrodes in a homemade cryostat filled with dried argon gas. Bulk EMI-TFSA samples were placed in a Kapton washer (approx. 0.1 mm thick × 3.1 mm inner diameter) and sandwiched between stainless steel electrodes. The samples were first cooled to below 210 K, and then measured in steps during heating.
Solid-state 19 F static NMR measurements were performed at ambient temperature at 376.5 MHz using a Bruker AVANCE II + 400 spectrometer. The samples were hermetically sealed in glass tubes for the NMR measurements. The NMR spectra were obtained by applying a Fourier transform to the resulting free induction decay (FID) signal after a single π/2 pulse sequence. IR spectra (Fig. S13) were obtained using the attenuated total reflectance (ATR) method on an ALPHA FT-IR spectrometer with a platinum ATR module (Bruker) in a glove box. The spectra were obtained from 400 to 4000 cm -1 with a resolution of 2 cm -1 .
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Results and discussion
Maximum-Entropy Method (MEM)/Rietveld Analysis for EMI-TSFA loaded ZIF-8
As shown in Fig. 1 in the main text, EMI-TFSA loading provided clear changes in relative intensity in X-ray powder diffraction (XRPD) patterns. To obtain structural information of EMI-TFSA loaded ZIF-8 samples, structural analyses based on the Rietveld refinement were performed. Because very weak diffractions with insufficient signal/noise ratio were observed in present nanocrystal samples, bulk samples of ZIF-8 (ZIF-8 bulk )
and EMI-TFSA loaded ZIF-8 with varying loading amount (EZ25 bulk and EZ100 bulk ) were used for structural analysis. Fig. S4 shows the XRPD patterns of activated ZIF-8 bulk , EZ25 bulk , and EZ100 bulk S5 . As shown in Fig.   S4 , spontaneous change in diffraction intensity ratio was observed by EMI-TFSA loading, where intensities of 011 and 013 Bragg peaks were changed remarkably. This tendency of profile change in bulk state is almost same as seen in those of nanocrystals (Fig. 1) Firstly, activated ZIF-8 sample in bulk state was analysed using MEM/Rietveld method with programs RIETAN-FP, Dysnomia, and VESTA S10 . The ZIF-8 with 'empty cage (i.e. without guest)' structure based on the single-crystal analysis S1 was used as initial structural model. Fig. S5a shows profile fitting result based on
Rietveld refinement for activated ZIF-8. By using empty cage model of ZIF-8, good fitting result was obtained with favourable reliability (R) factors related to weighted profile, Bragg integrated intensity, and structural factor (R wp , R B , and R F ). The MEM analysis was carried out using structure factors obtained from Rietveld analysis (Fig. S5a ). Next EMI-TFSA loaded sample (EZ25 bulk ) was examined. Preliminary Rietveld fitting result of EZ25 bulk based on the 'empty cage' model same as activated ZIF-8 is shown in Fig. S5c . As is clearly seen, empty cage model of ZIF-8 could not reproduce the experimental diffraction data. Fig. S5d shows preliminary MEM equi-charge-density surface (isosurface level: 0.15 eÅ -3 ) of EZ25 bulk in the same range as Fig. S5b . In contrast to the case of activated ZIF-8, some electron density peaks which could not be assigned to the host ZIF-8 framework were also found in the cage despite no assumption of guest molecules. This result suggested that ionic liquid EMI-TFSA molecules are included in the cage of ZIF-8 framework. However, we could not model the EMI and TFSA molecules inside the cage using MEM equi-charge density surface because of low symmetry of guest molecules within the highly symmetric host ZIF-8 framework. Therefore, ab initio structure
S5
solution was carried out by simulated annealing method installed on EXPO2013 program. Considering the highly symmetric space group of ionic liquid EMI-TFSA loaded samples (EZ25 bulk and EZ100 bulk ), the ZIF-8 structure with one pair of EMI and TFSA molecules within the cage was used as initial structure model followed by varying occupancy factor of EMI-TFSA part. For EMI and TFSA parts, several constraints were applied to bond length, bond angle, rotation, and torsion angle, whereas host ZIF-8 framework was fixed in simulated annealing calculation. A total of 30 cycles calculation which consists of each ~5 × 10 6 Monte Carlo moves of EMI and TFSA molecules gave initial structural models with good R factors favourable for final Rietveld refinement.
Figs. S6(a) and (b) shows Rietveld fitting results of EZ25 bulk and EZ100 bulk based on the EMI-TFSA included models. By using "guest included" models, good fitting results were obtained with favourable R factors (R wp , R B , and R F ). These results clearly indicated that ionic liquid EMI-TFSA units are surely included inside the cage of ZIF-8. The crystal structures of EMI-TFSA included ZIF-8 are shown in Fig. S7 . Number of pairs of EMI and TFSA units from Rietveld refinement were calculated to be 0.46 pairs/cage for EZ25 bulk and 3.0 pairs/cage for EZ100 bulk , respectively, which are consistent with the empirical values based on the molar ratio in preparation (0.84 pairs/cage for EZ25 bulk , 3.4 pairs/cage for EZ100 bulk ). Then the MEM analyses on both samples were carried out using structure factors obtained from Rietveld refinements. Figs. S6(c) and (d) shows MEM equi-charge-density surfaces of EZ25 bulk and EZ100 bulk in the same range as that of Fig. S8b .
Obvious electron density peaks assignable to the EMI-TFSA were found in the cage of ZIF-8 framework, which are widely spread inside the cage due to the disordered nature. 2D MEM charge-density contour plots of present materials are also shown in Fig. S8 . As is clearly seen from Fig. S8 , electron density within the cage spontaneously increase with increasing loading amount of EMI-TFSA. From the results of MEM/Rietveld analysis, we can conclude that ionic liquid EMI-TFSA is successfully included inside the pore of ZIF-8 framework.
Final Rietveld refinement result of ZIF-8 bulk (C 8 Final Rietveld refinement result of EZ100 bulk (C 12 H 17.75 
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3. Figures   Fig. S1 Crystal structure of ZIF-8, S1 where blue tetrahedra, gray balls, and yellow spheres indicate ZnN 4 , C, and micropores, respectively. Hydrogen atoms are omitted for clarity. 
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Fig. S13 IR spectra of bulk EMI-TFSA (blue), ZIF-8 (green), EZ25 (red), and EZ50 (purple). Peaks at 1059, 618, and 514 cm -1 in EZ25 and EZ50 can be assigned to EMI-TFSA. These peaks showed blue shifts from the peaks of the bulk EMI-TFSA. The blue shifts can be explained by the attractive interaction of the ions with the inner surface of the micropores as the result of introduction into the micropores. 
